A suspension culture of the moss Marchantia polymorpha was incubated with either [3H]-ethanolamine or [3H]myristic acid, precursors of a glycosylphosphatidylinositol (GPI) anchor. By both of these a secretory protein of 47 kDa was consistently labelled. Amino acid composition analysis of the chromatographically purified 47-kDa protein exhibited the occurrence of ethanolamine and glucosamine at approximate molar ratios to protein of 1 and 4, respectively. Thus the secretory 47-kDa protein of M . polymorpha was concluded to be a GPI-anchored protein.
Introduction
Since the glycosylphosphatidylinositol (GP1)-anchored nitrate reductase of Chlorella saccharophila was found in 1995 [l] , various types of plant GPI-anchored protein, including purple acid phosphatase (PAP) of duckweed (Spirodela oligorrhiza) [2, 3] and classical arabinogalactan proteins (AGPs) in Nicotiana alata [4] and in suspension cultures of pear [4] , rose [ S ] and Arabidopsis thaliana [6] , have been reported. These findings demonstrated that GPI-anchored proteins are not rare in plants. Furthermore, interestingly, some of plant GPI-anchored proteins, such as the Spirodela PAP [2] and the classical AGPs of pear [4] , are water soluble. Thus it is considered that these GPI-anchored proteins are transiently present on the plasma membrane and are released from the membrane by processing of the C-terminal domain. In this study we show another example of were washed, frozen in liquid nitrogen and ground to a powder with a mortar and pestle. The supernatant (secretory proteins) was subjected to concentration in a dialysis tube using poly(ethy1ene glycol) 6000, which was followed by dialysis against water. Proteins extracted frdm the medium and cells were separated by denaturing SDS/PAGE and stained with Coomassie Brilliant Blue as described previously [3] .
When the 47-kDa GPI-anchored protein was purified, total secretory proteins were applied to anion-exchange column chromatography using Resource Q gels (1 x 5 cm ; Pharmacia), which were equilibrated with 10 m M Tris/HCl, pH 8.5. Proteins were eluted by a linear gradient of NaCl (10-500 mM). T h e purified 47-kDa protein was subjected to amino acid composition analysis.
For screening GPI-anchored proteins, M . polymorpha cells (1 ml) were incubated with either 100 pCi of [3H]ethanolamine or 300 pCi of [3H]myristic acid for 18 h. Proteins extracted from cells and medium were electrophoresed and stained as described above. Dried gels were sliced into 1-mm pieces, dissolved in 30 yo H,O, and then their radioactivity was measured.
Results and discussion
Protein profile of the culture medium In contrast to cell extracts, the protein sample from the medium exhibited quite a simple compositional profile after SDS/PAGE. Only one major Biochemical Society Transactions (2000) Volume 28, part 6 Slice number protein of 47 kDa and two minor proteins of 10 and 6 kDa were detected by Coomassie Brilliant Blue staining.
Incorporation of 3H-labelled GPI precursors into the 47-kDa protein
["HIEthanolamine-labelled proteins extracted from cells and medium were separated by SDS/ PAGE. T h e cellular protein sample contained many labelled bands, whereas the medium contained only one major radioactive protein of 47 kDa ( Figure 1A ). This 47-kDa protein was also labelled with [:'H]myristic acid ( Figure 1B) . These results suggest that the secretory 47-kDa protein is a GPI-anchored protein.
T h e 47-kDa protein purified by column chromatography was subjected to amino acid composition analysis. T h e elution profile of amino acids after H P L C exhibited the presence of, in addition to amino acids, ethanolamine and glucosamine as constituents of the protein at the approximate ratios of 1 mol/mol of protein and 4 mol/mol of protein, respectively. Taken together, we concluded that the secretory 47-kDa protein is GPI-anchored. Excess occurrence of glucosamine might be derived from N-acetylglucosamine of N-and/or 0-linked sugar chains of the protein.
Accumulation of the secretory 47-kDa protein in medium suggests that this protein, as well as the Spirodela PAP [2, 3] and some classical AGPs [4-61, stays only transiently on the plasma membrane. T h e fact that the secretory 47-kDa protein can be labelled with [3H]myristic acid (see Figure lB) suggests that it might retain a constituent (e.g. inositol) that is acylated with a fatty acid in the partially digested G P I anchor.
